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In utero infection of a fetus as a result of
maternal involvement with one or another
virus has been well documented (1-12).
What has not been determined, however, is
the spectrum of viral involvement and re-
lationship to the period of gestation. Further-
more, specific localization of any given virus
within the tissues of the fetus, following in-
fection, is still relatively unknown. Studies
to date have failed to relate maternal infec-
tion to the process of morphogenesis and
embryogenesis in primates. -

The purpose of this report is to provide in-
formation on the nassage of vaccinia virus
across the placenta at different stages of
gestation. This virus was selected because of
its size, known involvement in production of
disease in primates, and well-studied biologic
characteristics. Choice of the baboon (Papio
cynocephalus) as the experimental model was
based upon previous studies (13, 14) demon-
strating its susceptibility to vaccinia virus
as well as its close similarity to man in fetal
morphogenesis and placental ultrastructure
(15-17).

Materials and Methods. Animals. Nine
pregnant baboons were divided into three
groups depending upon their stage of preg-
nancy; first, second, or third trimester. No
attempt was made, at this time, to define
the precise stages of gestation as we were
primarily concerned with attempts to deter-
mine localization of virus in the placenta
and fetal tissues. The placenta and fetus
were removed by cesarean section in the usual
manner at the desired stage of pregnancy.
Pre-inoculation bloods were obtained in all
instances and the animals were observed for
evidence of clinical disease.

Virology. The THD strain of vaccinia virus
with a titer of 10%3 TCIDs, ml in Vero cells
was given intravenously in 2.0 ml amounts.
Ability to produce a lesion was determined
by intradermal inoculation of the test animal.
One animal (0269) developed a lesion at the
site of intravenous inoculation. Following
virus administration, all animals were
routinely sampled (throat and rectal swabs
and blood) for evidence of virus shedding and
seroconversions. Placentas and fetuses were
removed 2, 4, and 7 days post-inoculation.

Histology. Appropriate fetal and placental
tissues were fixed in Bouin’s, Carnoy’s and
buffered 10% neutral formalin. The speci-
mens were paraffin embedded, sectioned and
stained in Masson’s trichome stain and
hematoxylin-eosin.

Virus isolation. Coincident with collection
of samples for histological examination, simi-
lar materals were obtained for virus isolation.
Pieces of tissue were inoculated directly onto
monolayers of primary baboon kidney cells
(BKC) or seeded f{or explant culture (18).
Media from explant cultures were tested on
BKC for the presence of virus. Tissues from
second and third trimester fetuses were tested
by both techniques, first trimester fetuses by
explant only.

Results. Table I provides data obtained
from examination of tissues from the indicated
animals. It will be noted that vaccinia virus
was recovered, generally from the throat of
the mothers, i.e., from 5 of 8 animals. The 3
animals not yielding virus were all at term.
One of the 5 baboons shedding virus from
their throats was also found to have virus in
its stool. Virus isolations from the fetal tis-
sues were less frequent (3 of 8 animals) and
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TABLE I. Virus Isolation from Maternal and Fetal Specimens.
Virus isolation
Maternal Maternal
Fetal
. HT antibod,
Animal  Stage of pregnancy " Y Days post
no. when inoculated Pre Post Throat Rectal Tissue inoculation®
4037 1st Trimester <10 320 2, 9¢ —? Liver, 2
skin and musecle
0896 1st Trimester <10 80 7 — Skin and muscle 7
amniotic
membrane
0269 2nd Trimester <10 80 4 — —_ 4
0561 2nd Trimester <10 40 7 7 Spleen 7
3947 3rd Trimester <10 40 2 — — 2
0609 3rd Trimester <10 320 — — —_ 2
0471 3rd Trimester <10 320 —_ —_— — 4
0641 3rd Trimester <10 40 — —_ — 7
0229 3rd Trimester <10 320 — 7 — 5¢

% Day after inoculation on which isolation was made.

* No virus isolated.
°When cesarean section was performed.
¢ Day after inoculation when baby was born.

were mainly from skin and muscle. Virus was
also found in liver, spleen and amniotic mem-
brane, although such tissues as kidney,
spleen, adrenal, bladder, lung, thymus, heart,
brain, testis, foreskin, umbilical cord, and
placenta were examined.

Examination of maternal sera by hemag-
glutination-inhibition tests indicated that all
of the mothers had been infected and sero-
converted.

Histological examination of the tissues at
the time periods indicated failed to show any
histological lesions that may be associated
with vaccinia virus.

Discussion. The results obtained here
clearly demonstrate that vaccinia virus was
transferred across the placenta at early and,
in one instance, at midterm pregnancy. Addi-
tional studies are necessary to ascertain the
precise periods of time that permit viral pas-
sage from mother to fetus. Failure to detect
virus in the placenta by the procedures em-
ployed may be due to the time lapse between
inoculation and sampling, i.e., 2-7 days. Ob-
viously other complementary studies are
necessary to determine this point. These re-
sults are in accord with the finding that

vaccinia virus may affect the human fetus as
a result of infection (19). We have previously
demonstrated that the poxviruses are capable
of producing infection of this species of
baboon (13).

Neff et al. (20) point out that even though
the risks of congenital malformations from
vaccinia are small, vaccination during preg-
nancy should be carefully considered prior
to administration. All our fetuses at time of
section were normal in appearance and alive.
One newly born animal from a mother shed-
ding virus (No. 0229) died three days after
birth (5 days after inoculation) but virus
was not recovered from any of its tissues.

These studies, while preliminary in nature,
suggest that the animal model used here may
provide an opportunity for expanded investi-
gations with this and other viruses at differ-
ent stages of pregnancy (especially as deter-
mined by accurately timed pregnancies), per-
haps even use of other simian species. Such
studies would permit the collection of care-
fully controlled data subject to detailed
analysis on mother, fetus, and placenta in
their reactions to viral infection.

This study was funded in part by grants from



1024

the U.S. Public Health Service numbers RRO05519,
RR00267, and RR00361 and contract number NIH
71-2348 from the Special Virus Cancer Program
and World Health Organization grants Z2/181/27
and S2/181/20. Dr. Brack is a visiting scientist,
sponsored by the “Deutsche Forschungsgemein-
schaft,” Bad Godesberg, Germany. Dr. Felsburg is
a postdootoral fellow in the Section of Epidemiology,
University of Pennsylvania, supported in part by
US. Public Health Service training grant 5STI GM
975-08.

1. Mimms, C. A, Progr. Med. Virol. 10, 194
(1968).

2. Monif, G. R. G, “Viral Infections of the
Human Fetus,” 164 pp. The Macmillian Co,
London (1969).

3. “Viral Etiology of Congenital Malformations,”
May 19-20, 1967. 178 pp. US. Dept of Health,
Education and Welfare, Washington, D.C. (1968).

4. Brown, G. C., Advan. Teratol. 1, 55 (1966).

5. Eichenwald, H. F., and Shinefield, H. R., Ad-
van. Pediat. 12, 249 (1962).

6. Horstmann, D. C, Yale J. Biol. Med. 42, 99
(1969).

7. Sever, J. L., and White, L. R., Ann. Rev. Med.
19, 471 (1968).

8. Catalano, L. W., Jr.,, and Sever, J. L., Ann.
Rev. Microbiol. 25, 255 (1971).

9. Overall, J. C., and Glasgow, L. A, J. Pediat.

FETAL INFECTION OF BABOONS WITH VACCINIA VIRUS

77, 315 (1970).

10. Behrman, R. E., Fisher, D., Paton, J. P,
and Keller, J., Advan. Pediat. 17, 13 (1970).

11. “Intrauterine Infections,” The National Found-
ation #4 (1968).

12. Blizan, T. S., and Fabiyi, A., Amer. J. Obst.
Gynecol. 196, 147 (1970).

13. Heberling, R. L., and Kalter, S. S, J. In-
fect. Dis. 124, 33 (1972).

14, Heberling, R. L., Eichberg, J., and Kalter, S.
S., “Abstracts of the Annual Meeting of the Amer-
ican Society for Microbiology, 1972,” p. 233. Amer-
ican Society for Microbiology, Washington, D.C.
(1972).

15. Panigel, M., Bull. Assoc. Anatomistes 145,
319 (1969).

16. Panigel, M., in “Les Malformations Congeni-
tales des Manniferes” (Tuchmann Duplessis, ed.),
p. 27. Masson, Paris (1970).

17. Wynn, R., Panigel, M., and Maclenna, A. H,,
Amer. J. Obstet. Gynecol. 109, 638 (1971).

18. Kalter, S. S., Eichberg, J., Heberling, R. L,
and Felsburg, P. J., Appl. Microbiol. 25, 266 (1973).

19. Dixon, C. W., “Smallpox,” p. 113. F. and A.
Churchill, Ltd., London (1962).

20. Neff, J. M., Lane, J. M., Pert. J. H., Moore,
R., Millar, J. D, and Henderson, D. A,, New Engl.
J. Med. 276, 125 (1967).

Received Feb. 9, 1973, P.S.EBM., 1973, Vol. 143.




